The generation and detection of coherent vibronic excitations in semiconductors' and semiconductor heterostructures2-* have attracted great interest throughout the last years. The dephasing times extracted from timeresolved experiments are of importance for our understanding of electron-phonon and phonon-phonon interaction. Due to the high thermal population of low-energy excitations at room temperature, the dynamics of acoustic phonons are of special importance. In semiconductor superlattices, both the acoustic and optic phonon spectrum exhibit zone folding in the mini-Briodin zone. This zone folding enables the direct coupling of acoustic modes in the frequency range from 100 GHz to some THz with light. The appearance of higher-order zone-folded modes at approximately n times the first backfolded frequency allows the selective excitation of distinct modes by means of multipulse excitation. Thereby, coherently excited higher-order The experiments are performed with 50-fs laser pulses derived from a Kerr-lens modelocked Tisapphire laser resonantly tuned to the first electron heavy-hole interband resonance of the superlattices. The Coherently excited phonon modes are detected in timeresolved reflectivity and transmission changes recorded with a fast-scanning delay generat0r.1~4 The exponentially decaying background of electronic origin is subtracted in order to retrieve the oscillatory contributions only. Double pulse excitation is accomplished by inserting a Michelson interferometer into the pump-beam path. Figure 1 depicts the oscillatory traces for double pulse excitation obtained on a 19-monolayer GaAs, 19-monolayer AlAs superlattice. The delay between the two excitation pulses of equal power (40 mW) is approximately adjusted to half the inverse of the frequency of the first-order zone-folded acoustic phonon mode of 1100 fs. The data reveal a superposition of several frequencies. The Fourier transform of the time-domain data are depicted in Fig. 2 . A triplet ofphonons for each backfolded order is observed. These modes are excited via backward and forward Raman scattering leading to two frequencies at q = 2 X qIaser (modes I1 and 111) and one at q = 0 (mode I), respectively. Only one q = 0 mode is detected instead of both modes of the splitting due to Raman selection rules, which allow only the excitation of the mode of A, symmetry at q = 0, while the B, mode is symmetry forbidden.5 The amplitude ratio of the first-order to
herent luminescence). Plotting the fringe contrast as a function of T~ [solid symbols, Figs. 3(c) and 3(d)] provides direct information about the incoherent excitonic absorption p r o~e s s .~ ( E ) The most complex component of SE occurs between cases (i) and (ii). In the time interval 0 < T~ < 2 ps, the fringe contrast has a complex structure with much higher values than at later times [open symbols in Figs. 3(c) and 3(d) ]. The SE in this time interval is a mixture of temporally incoherent and coherent components governed by the dynamics of excitonic populations (luminescence) and coherent polarizations (resonance Rayleigh scattering). The latter becomes spatially incoherent as the spatial structures are smaller than the wavelength. The generation and detection of coherent vibronic excitations in semiconductors' and semiconductor heterostructures2-* have attracted great interest throughout the last years. The dephasing times extracted from timeresolved experiments are of importance for our understanding of electron-phonon and phonon-phonon interaction. Due to the high thermal population of low-energy excitations at room temperature, the dynamics of acoustic phonons are of special importance. In semiconductor superlattices, both the acoustic and optic phonon spectrum exhibit zone folding in the mini-Briodin zone. This zone folding enables the direct coupling of acoustic modes in the frequency range from 100 GHz to some THz with light. The appearance of higher-order zone-folded modes at approximately n times the first backfolded frequency allows the selective excitation of distinct modes by means of multipulse excitation. Thereby, coherently excited higher-order The experiments are performed with 50-fs laser pulses derived from a Kerr-lens modelocked Tisapphire laser resonantly tuned to the first electron heavy-hole interband resonance of the superlattices. The Coherently excited phonon modes are detected in timeresolved reflectivity and transmission changes recorded with a fast-scanning delay generat0r.1~4 The exponentially decaying background of electronic origin is subtracted in order to retrieve the oscillatory contributions only. Double pulse excitation is accomplished by inserting a Michelson interferometer into the pump-beam path. Figure 1 depicts the oscillatory traces for double pulse excitation obtained on a 19-monolayer GaAs, 19-monolayer AlAs superlattice. The delay between the two excitation pulses of equal power (40 mW) is approximately adjusted to half the inverse of the frequency of the first-order zone-folded acoustic phonon mode of 1100 fs. The data reveal a superposition of several frequencies. The Fourier transform of the time-domain data are depicted in Fig. 2 . A triplet ofphonons for each backfolded order is observed. These modes are excited via backward and forward Raman scattering leading to two frequencies at q = 2 X qIaser (modes I1 and 111) and one at q = 0 (mode I), respectively. Only one q = 0 mode is detected instead of both modes of the splitting due to Raman selection rules, which allow only the excitation of the mode of A, symmetry at q = 0, while the B, mode is symmetry forbidden. -mail: @ee.princeton . edu e the recent demonstration of self-trapof a quasi-monochromatic partially spa-7 incoherent light beam' and of a white beam that is both spectrally and spatially herent,2 there has been increased interest -called multimode solitons. These are selfped beams that constitute more than one iverse mode. More specifically, a soliton IS when the optical beam induces a waveguide via the nonlinearity and is guided in its own induced waveguide. Prior to the observations reported in Refs. 1 and 2, all observed solitons were such that only the lowest mode in the induced waveguide was populated. Therefore, all observed solitons were single mode and "single humped" (had a single intensity peak). However, in saturable nonlinear media, the induced waveguide can be multimode.3 When more than one mode of the induced waveguide is populated, the soliton is multimode and can have more than one intensity peak (multihump). For such a multimode soliton to exhibit a stationary nonevolving profile throughout propagation, the modes must not interfere with each other because this would cause a periodic oscillation in the optical intensity and thus give rise to a periodic induced waveguide. This can be achieved in two manners: ( 1) the modes are polarized orthogonal to each other? or (2) the modes are incoherent with respect to each other. Here we employ the latter option and believe we show the first experimental demonstration of a multihumped multimode soliton.
The multimode soliton is made by two populated modes of its self-induced MONDAY MORNING / lQEC'98 / 1 5 waveguide. Double-and triple-humped beam profiles are observed corresponding to combinations of the first + second modes and second + third modes, respectively. The observation of multihumped solutons is a result of the fact that the higher modes are sufficiently populated to see the structural features of the higher modes. We observed one-dimensional self-trapped multimode beams in biased photorefractive media for which the explicit form of nonlinearity is well established5 and confirmed in many experiments.
In a recent theoretical work, we have solved for the necessary conditions or "existence range" for self-trapping such a multimode beam.6 It was shown that a beam consisting of multiple modes with the same polarization can be self-trapped if the modes are made to be incoherent with each other and if selfconsistency is satisfied between the selftrapped beam and its induced waveguide. We found that for such a self-trapped multimode beam, there is a parameter range within which nondiffracting solutions exist. This allows for self-trapping of beams with widely varying beam profiles. Our current observations agree with prediction. 
